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STABILIZED FRAGMENTS

by M. B. Schaffer

This pa™ ~f today's symposium shculd really bs entitled
WEimeatabilized Jragments” since most of the curremt, work on low-
dreg fragments is concenirated on finned shapes. I will mention
briefly several unfinned shapes: first in connection with the
sapistey dovelopment progran {srcozi®ically spheres and cylinders,
which are sssentially unsiatilized) and second, in connactinr
Atk gy wtdeperziamal wATuesd YD Fiuad ou wlfeslivs (spesaricsily
the zo=called Alperstein or fish=tailea configuration. which is
dreg-stabilized). I would also like to discuss briefly the methncd
by ~ish we propose ‘o apply the lethaiity conczepta of BRL to the

design «f cenister saaunition,

AL this point it might be advisable to consider generaliy
the apriicarions of fine-stabilized fragments to Ordnance., There
ar>? two broad classifications: projectiles with high remaining
valocit: ind projectiles with low remaining velocity. Under the
latter grouping come grenades and mines, o which there is ap-
parently no curren’, work, Under the higheiemaining-veloclty
group, there are itw~ sub-headings: indirect=fire weapcns and
directefire weapons., (See Figure 1.)

Let us consider these applicaticns in detail in the order
listed on Figure 1, #First there is Armour Research Foundation,
which was among ths earliest in the field.

Armour Rasearch Foundation

Armour Research Foundatiorn in early 1951 was requested by
0CO to investigats the feasibility of using a dart-filled, anti-
personnal warhead for i{he 2,75" 7131 Rocket, which was undez
developmart at the time., This high~velocity boosted rocket, which
is normally an air-to=air weapor, was to be used in this application
from air-to-ground, The study w2s made more or less informally
#ithout & contract and continued into the middle of this year.
It wae eventually droppsd, since the contractual ccverage did not
materialize. As a resul! of its work, however, Armour Research
Foundation can be credited with the following accomplishment st

1. Coining the temm "flechette" for the darts, The
dictionary defines a flechetts aa "a small atasl dart with =2 vens
or fiuted shaft, to be dropped from £n sircraft as a missile”.
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Strictiy speaking. Armour Research Foundation was corrsct enough
in its romernclature for this application although its subsequent

usage is not so easily justified,
2., Developing a satisfsctory technique for mass=-

producing the darts. The evoluticn of ths Armour Flechette ia
shown on ripgure 2, The firast of these dasigns was made in thre
fuilowing two ways: (a)} Starting with ,100" diameter wire stock
two fins, one behind tne other and 9C° apart, would be pressed
out in two separate operaticns (bh)
stocl., »na long fin would be pressed out and partially cuv &b its
center, with the rear fin rotatasd 90°.

Starting with the same wire

ficlent quantitisa of this deasign to load several warheeds.,

warhead contained i4i rcunGum-ivaded Ilechevtes imbeuasa in a

plazter of paris mairix, as showu below,

/
2 strands [

Blasting Cap

L

inert filler w/darts

imbedded

primacord \
equally spaced
12C° apart

During static tests; the flechettes dispersed well, but the last
On the basis of these preliminary tests,

fin invariably broks off,
The three fins and the

the flechette was redssigned {Figure 2).
points of the flechette behind are stamped in & single operation.
The wire diamster in this instance was reduced to ,072° to ac-

c Two methoids of feeding the dies were
investigated., The first, which was subscs:ertly veed for manu~
facturing large quantities, consisted of feeding the wire from a
spool into the die; the second would fu<i standard finishing nails

coamocdats the operation,

from a hopper into the die,

Static tests ol this second fiechette design were
also conducted in a similar head. The results were that some fins
broke off and almost all flechettes were deformed or bent in some
way, Armour later developed neveral safeguards for dispersiug the
flechettes withevt deforming them,
{1) shielding tre primaccrd on the loadside with split tubing;

(?5 sunai.luuuing rosin for the plaster of parisj (2) aesembling
the flschettas (in molds) in cylindrical bundles-zll noses rforward;

2 L%
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{4) placing the bundles in the head and filiing balance of space
w#ith rosin. When so assembled tihe head, which weighed 1.74 pounds,
could hold 50U seven-grain flechettes. about €% of these would

be deformed upon aetonution. by z2inc plating the flechettes,

Armoar sijainated smull pleces of resin that stick to the flechettos
on breakup.,

3. Th: cthee desiyns shown cn Figure 2 were evolved
from stability and drag tests run bv Armour. Their stability rests
were ratner crude. They suspended 8 .lschetts at its ceater of
gravity and directed the air stream of an electric fan et it.

All the designs shown on Figure < ;assed this test with flying colors;
they aligned themselves so *l.:t the ncses faced the air stream.

The drag tests ccnoisted of loading eingle fischettes into a .L10
Sage snotgun and firing tLhem nose Jorward. Fastux movies indicated
the flechettes traveled tovurd the targets in 2 relatively stable
fashion, Velocity measzurements worc aleo taken with the following
results for the lowsr four designs shown on Figure 2:

lelntive Drag

Design Hc, Mach No. Coefficient
1 ' 1.37 1.0
< 1.1e Uo7
3 1.38 0.33
4 1.46 L.16

The reports do not state tv what ares or dlaweter the drag co-
efficienis were referred. FPresumably, they were aill referred to
tine same area. The interpretation is then fsirly obvious. The
reduction in fin radius (which reduced the fin area by 4«<%) alone
cut the drag to 1/3 its previous value; lengtnening the cons point
cut this again by 1/<. Armour's measurements wers admittedly not
too precise. As will he pointed out later, they did not determine
Lhe iarge losses in velocity due to yow very neer ihe muszle. They
were thinking in terms of luaunching ine [lechette nose forwurd only
and thus did not concern themselves with decreasing the yaw and its
rate of damping out, ©Of far greater significunce wes the technique
thay introduced for mass-producing this typs fragment. Armour sub-
sequently served aes a supply souice of the 7-grein ilechette for many
Ordnance facilities,

This, then, generally sums up the work done by Armour.
They did conduct some additicral fiight tests of these heads at
Aberdeern; Proving Grcund. 1In general, they were unsatisfactory due
to fuzing difficulties. 11 this work is summed up i their picgress
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reperts on Project 90-811K entitled "Devalaopmere of L orsfs
Ammnition" (beginning ¢-ith Report !oe &2 dulsa Hovember 1951).
Since they hcd no., yvet attempted to selsct 4L hrest fiagment
weight, they ussd a Ilechette weighing about 7 1/2 grains Llrcugh-
out. Iun the middle of 1952, however, Armour made a special desige
study of a {lechstte-filled warhead for ths 70 mm HEAA Rocket,
7212, sthieh in this application would bz grcund-te=-ground. They
theorstically considered flechettes of 7, 15, and 23 grair:, using
s 58 ft=1bs fatality oriterion and "rsmaining veivcity® curves
prepared by Internationsi Harvester Ccoumpany. Taking into account
burncut timss and fuzing errors, they oalculated opt’' mm Twurst
heights end concluded thut a 15=grain fragmsuos winila he sk £
this epplication. This work is summarizad in « special . *sort
under Armour Research Foundation Prcject MO37~2:

Airoraft-Armaments, Ino
Aircraft Armaments Inoc. has had a ociatract with the Naval

Research Laborutorisa (since 1951) to develcy a relatirely small
caliber round of ammunition for use in existin: air-~to=ground and

ground-to=ground weapons. Ths projectile is %= comtain fin-stabil-

ized fragments which will be eftf'sctive up to 300 yards. There are
no reports available at Plcatinny on thls development. The little
I can tell you ncw was lemined at a recent sympesium ut 0CO on
statilizged frapments.

A 20 mm cannon wns chosen as the first tost vehiocle: I
con't teil you much about the projectiie itself, except that
it will contain from 15 to 50 flechottes, each weighing about
17 grains. A narrov dispersion pattern {10 to 20 mils at the
300 yard range) is antloipataed.

In this application, the flechettes will obviously be fired
nose first. Alrere:t Armaments has therefci-s not ooiderned i:iself
with extensive investipation into optimum fiechciic Jdesign with
regard to location of center of grevity sr.. center of prsssure,
i.04, stahility, sxcept in the following sense: Their initial
Tirings were conducted b, miunting sii_ le flschettes in heavier
oontainers which discerd near tliie muzzlee. These firings rssulted
in drag measurements which wers very highe It tock oconsiderable
investigation to discover that the heavier discarding cerrier was
ploughing through and upsetting the flechette when it was fired.
They eventually cverrame this diffioculty and succeedsd in obtalning
frontal drag coefiicients as low us 0.2, In so doing, they varied
the weight (7, 17, and 21 grains), the length to diameter rutio,
and the number and cnfigurction of fins. They finally decided on
a length/diameter ratio cf 2, a length of 2", L fins, ang
maximum fir chord of 1/4". Thsy also found that the cone engle
and th2 surface roughness had congiderunble effect on the value of
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%na drag ccefficient.

Another problem that they »«m nie anl wpparcently solved

wns that of excessive dispersic:. My ¢ 1ting the fins frem

10 to 39, they mot the dispar=ic: v: ~-. .:znte Exceyrt fcy this
and for the fect that thers ore v: (. us, the J.8llielbes
themselves have the pgenersi «oni' . . =t. | of the Ay.wr Tlachetias.

I+ is quite obvious that we shonulu ssko
thelr reports for application & i wc'iet, ot ded nad
canister programs.

T OFTETY oviunt g

Arthiur D. Litile, Ino.

A contract was placed with A. D. Little in July 1952 Sy
Redstone Arseral for development of a fleche*te-filled, anti-
personnel warhead for tha L«5" T160ES Rooket. This is normally
e ground-to~ground weapon. The warhead weight is 18 pounds
and tie rucket spias at a rate of 15,000 rpm at detcnatione.

A. Do Little spent the first & o 7 montha of its contrect making
literature searches, visiting government installations, gathering
a8 muoh information as it could on the genersl subgeot. Also,
during this time they made generalized studies of 4he procblem as
they then seaw it. Using a S8 ft=1b fatality criterion, they
prepared romaining velocity ourves (using assumed form factora)
for flechettes and spheres. In addition they investigutqp the
following basic warhead designs: (a) a flechette-filled warhead
with no explosive dispelling the charge, (b) a flechette-filled
warnead with an explesive to add velocity to the fleck:itus, nnd -
(6) a sphsroefilled warhead with and without matrix. On the
besis of this work they came tc severel conolusions, some of which
proved inapplicable wher the lethalily oriterion was later changed.
Theee conclusions weres

(1) Without some sort of explosive in the warhead to
impart additional velooity to the fragments, no sirnifiocant
improvement in lethal aree over existing designs would be ohtained.
(When the oriterion was ohanged, .they recogniged that considerable
improvement could be obtained bedeuse at the same sncrgy level
flechettes have much greater penetrating power then balls.)

Tney nevertheless spent oonsiderebls effort in desiyning warheads
whioch would impa-% additionnl velocity to the flechettec. They

are still working on a device of this nature which they call &
"nose ejsction head."

(2) Sinse they expected the rate of spin of the rocket
to be 06 low to produse desired dispersicn, they spent considerable
time devisiig ways to obtain udequate dispersion of the missiles.

In this phase, they 4id much theoretical work on canted flechette iinz.

2
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¥hen thie whientivss of this rocket prob.em were furbdher oxplaineu
to Ae Do L.uxli. {g gatuinfsct+ion, their per ‘ormence on the project
improved esnudserebly. Beginning with the early part of this yesr,
thay tool urn ¥-are Armour "“aft off and have since countributed

much. Ino:iavatally, the lothality eriterion they evcntually adopted
wes a terminal viliooity of 500 ft/sec, hich is equivalent to

Q f4~1bs ¢f energye. <iThey finelly oonec?:idad that the varhead

zhoade conbnin 9003 Jegrain flechoatter, thad the jlamehing valcolty
o2 tus Pleohsttes shouid he about (00 21/ 880, and that the opt:imum
purat heistt sould be 200 feet. The estimatsd lothnl arez 2btulned
from this design will ba 15,000 square feet which compares to about
2500 aguare feet for present designs. They are considering seversal
petiiods for lzisohinzg Lhe flechettes, inclvding the method uszed by
Armour whish now appears most promising to then.

b A e —

ok 2ida 2o

Litilo® chier contribution has been their theorctical analyvsis
of the Clech¢ste shape ané their subsequent stability tests which ]
sre 8till continuing. Little early recornized that the greatest
gnin, as far as low drag is concernsd, has aiready been made in
going frum ovhar shepes to the flechettes They therefore decided
that th~ ~uly questiom remaining was that of achlevinpg adequate
stability,.'or the fieochette. After considering wind tunnel tusts s
aad oarefully reviewing all the svailable litereture, they ocroluded 1
that fin=-first g.:=gls fleshette firings, with velocity, yaw, and
preretration measurcmenta, viould tell the complete story. I{ the
flecrattes righted themselves within a short distance from the
muizlzs without losing much velooity, the fragment would meet the
vequirements. Since the best measure of tho ability of a fragment
¢ to gquiskly demp ocut vaw is the distance of the center of pgravity from
ihe veoter of pressure, Little prepared twolve flechette designs
(shiovm on Fizira 3) and theoretically evaluatsd them (considering
varying fin isngths and body lengths) for the optimum shepe.

-

oy

olag irmto oo muoh detail, T will rapidiy ro throupgh

A 2
212} pin <
:
.
.

i. M2ipgn 1 is basically tha Armour. 3«finned flechette.
The center .. -~evity of this design 1is at the geometric center
{(by method »r mozufacture). The center of pressurs is shifted to
{ the rear by +he fins. The theoretical optimum fin lsnpth and radius
{ are shown on the slutoh.

/ - 2. Designs 2 and 3 contain lj fina and weighted noses,
L . but the oaloulations indicate tFe distanocs between the ocenter of
: gravity and center of pressure i1s less than that for design 1.

3+ Desigrs L} and 5 are an attempt to move the center of .
1 gravity forward by usine a bi-metal design with a forward portion

i of stoeel orimped to an aluminum tail. These will obviocusly be .
i difficult to manufacture. :

it i s s 5
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4, Design 6 presants a much larger fin area, but
thecrstically this is about as stahle as desiga 1, Nots, however;
that tihe mch sharper cone nose should considerstbly reduce the

drag. A second desien of this confizucsiicr, Ha, with the nose angle
changed to 30° shows corsiderable theoretical improvement in stability,

5. Design 7 raprese:’ : a dif* ent approach, It is &an
attempt 4o quickly elimimats srai- ver-end tumbling by providing
fineg i1 i~ forward section,.

6. Designe 8, 2, and 10 have been dzveloped from &
family of designs for each f*1e body anc fin lengths were varied).
The relative dimensione shown were found to be optimum, This
configuration appvars to be very desirable from a stability
standpoint.

7. The bi-metallic desizn shown here (with no number)
is theoreticaliy 208 more stable than ihis host cll-steel design.

Se Design 11 nas very recantly been proposed and not
yet fully theoretically eveluated. it appears promising from a
manufacturing, handling, and packing standpoint,

On the Lasis of thair theoretical evaluation, Little chose
for testing designs 6a, 7a (& modification of 7 with the rear fin
thickness raduced to 0,080), 2, and 10, as wall as the Ammour
design {the last because it is availr 1e), Because dies for these
shapes are expensive, the initial samplea were manufactursd by toole
room methods, After running into the same difficulties that
Aircraft Armamente did (interference het.ezen carrier and fischstte)
the preblem wvas eventually soived by using a carrier developed by
Watertown Arsenal, Satisfactory firings znd deta have nevertheleas
been chtained for the Armour flschsiis, designa 43 and 8 with the
results shown in Figure 4, Pirings were conducted both fine«first
and nose~first and both subsonically and supersonically, All
designs stabilized within 100 feet except 6a, fired backwards
and superscnically, A4s prsdicted, design 8 atabilized mopt rapidly
and consequently showed least drag bcth over the entire 100 festi
and over the last 50 feet, Drag coefficients for the Armour flechotte
are about as predicted (based on work done at this Arsenal and
International Harvester Co,) when firsd nose first and subsoiically.
It appsars that A, D. Little will just about meet their requirement
(800 ft/sec initially and 500 ft/sec at 100 ft' with Design 8 fired
fin first. (This is equivalent io & randmm ,.:.. ! They stili mist,
of course, solve two wajor problems: a, *--: produrtion of this
design, and b, A technigque for dispsre:. randomly loaded flechettes
without damaging them or for overcomiig a flechotte handling problem
if the flechettas must be stacke=losded in the warhesd.
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Little is continuing the tesis on the designs shown here and
the balance of the results should be available shortly. It is
evident that tests of this nature (comb'ned with the type of theo-
retlcel evaluation done) are basic in sny ammmnition development
which uses flechettes. The work done by A. D. Little should eliminate
mch testing of a similar nature by Rheem and International Harvester

Companye
Rheem Manmfacturing Company

Let us now consider Rheom Manufacturing Company, which hae a
Ficatinny contract for developmsnt of an anti=-personnel warhead
for the Honest John and Corporal Guided Miseiles. This davelsp-
ment is in the early stages znd not too much can ba said about it,
Thersfore, I will just give the vital statistics and summarigze

the contemplated plan of attack.

The warhead for these missiles is deusignated T40 and will
woigh 1400 pounds. The guided missiles themselves are high-
altitude, high-velocity, very low-spin or zero=-spin projectiles,
The dsvelopment contract waa placed in July 1953 vith ths under-
standing that the basic fragment design would ha capplied by
Ballistic Research Laboratory. Since this BRL design hasn't
materialized to date (und the indications are that it nsver will),
Rheem's contract is currently being supplemented to permit them to
design their own basic fragment.

The 1ittle work accomplished to date in this direction has
been based on a 58 ft-lbs fatality criterion, Rheem has recently
basn advised that severa) designs wiil be required (based on various
eriteria, at lasmst one of which will be a wound-ballistics critsrien).
7.5 plan is to submit the samples to the Medical Corps for evaluation
and let them decide which is moszt affective., The indications are
that & flechette of from 12 to 15 greins will be required,

Rheam has also heen considering the so=callea Alperstein
Shape, which is shaped something like a "fish".

It is not low-drag, but drag-stabilized. It has excellent
packing qualities (cee diagram) and should be relatively easy to
manufacture and handle, Further, it should be less susceptible to
damage than a flechette. However, its overall effectiveness remains

to be seen.
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Kheem's vork will be reported uander Projecte TA2-3007 (Corporal)
and TU2=-1029 (Horeat John), the recporte of which will he svailable
ot Picatinny Arsenal. Pheem's prohlems are of oourte essentially
the same as those cf Armour and Little exoept that the projectiles
are low cr zero spin {1 1/2 rpm maximum). Consequently, either very
high burst heights, or ar cxplosive charge, or canted fins will heve
$0 be used to get adequate dispcrsion.

Ballistic Research Laboratory

BRL is gonerally considering all the applioations of stabilized
frogments to Ordnance and correlating the bLasic wound-ballistios
dato of the ledical Corps. Insofar as their interest in flechette=-
filled artillery projeotiles 1s conoerned, they are not, to my
knowledge, doing eny actual design. They have, however, mads
generclized studies such ag the following for 105 mm projectiles:

e i Teximum Lethal Area
Projectile Lothal Area Projectile Weight
ID Fuzo 200 7+2 é
VT Fuze 2,000 £t2 62
1*leohetto-filled -

shrapnel 20,000 ft< 600

A flechette-filied artillery projectile 1z thus theoretioally
ten times more offectivo than the most effective HE rojectile.
This i3 due to a combination of factors: (1) All the dispersion
from shrapnel is forwurd and directed at the targes, (2) Flechettes
aca low-drag fragmerts and arrive at the target with higher remaining
velocities, (3) Flechettes have greater penetrating power and high

wau‘nding ar? };f}ling DOWEr e

Iiidwest Research Ingtitute - Watertown Arsenal = ORDIS

Iidwest Nosoarch Institute has had a contract with CRUI3
(since lats 1952) for development of three weapons capabls of
firing mlti-projectiles from = single cortridge. Two of these
weapons, & 20 mm and a 22 enliber, are to fire sapin=stabilized
projeotiles. The third weapon, whose boro diamoter has not as.yak
been establishea, 18 tc fire fin-stabilized projectiles (i.c.
flechettes) and is to be & shouldsr-fired weapon. The progress
on all three weapons, as of Ootober 1953, is summarized in a
Mldwest Summary Report entitled "Design of Reloadable IMulti-
Projectile Cartridge Weapons and Ammunition for Army Field Foroes
Use", 1M1 Project No. 833-E=£5.

9
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The flechette development is in the early stases. DBriefly,
the plan of attack is es follc s: Two weabons are under ccnsideration.
The first will fire a multitude of tlechettes simultaneously in a
close pattern (1l mils at 200 yards, which is equivalent to an
8.4 £t circle)s The striking velccity at 300 yards is to be 1000
ft/sec. The present plan is to use a .12 pauge shotgun, if possible.

The sevon.) waapon wiil jire a single i'lsohette with the
£211meing specifivations: A striking velooity of LO0OO ft/sec at
a 300 yari rar;ee_The sgouracy at this ra.ge is to be 1 mil {circle
0.5 ft n diamctgyy. Recoil is to be no greater than that in the
10 Carbine.

The specifizat.ons for both weapcens were evolved from tests
conducted by lMr. Bird of ORDIS at the Watertown Arsenal test
range, using 7-grain flechettes in a .12 gauge shotgune.

In addition to establishing the requirements for the weapons
Just mentioned, Wetertown Areenal and M. Bird succeaded in developing
a method for firing both single projectiles and multi-prcjectiles
frem small oaliber wsapons. This, therefore, to a large extent,
has solved one uf Midwest's problemez {as well as one of Aliroraft
Armaments problems).

Figure 5 shows the general configuration of the cartridge
they are contemplating. On the left you see a plastic sabot loaded
with 52 flechottes (all ncge forward). In the center is the same
r2rot without the flecheittes. On the rizht, you see a conventional
12 gaure shotpun shell. Fipure 6 arair s“owe +%z sabot and tho
flechsttes. Figure 7 shows a sketch of the flechstte now contemplated.
The dimwnsions shown ere relative. As ycu. can see, it is besiocally
the Armour flechette, except it has four fins with square trailing
edges. Tue leadinpg edges, not shown, will be sharp to reduce drag.
I think they are a little optimigtic about the shape of the oglve
(as fzr as manufacturing mothcds). This flechette will be used
for the initial tests of the single projectile design. I believe
they will try the same shape in the multi-projentile weapon if it
proves satisfactery. Midwest Research Institutefs problem is
therefore aimply +hat of reiining {i:e btasic design already daveloped
by Watertown Arsenal. Figures 8 through 11 show the work done at
Watertowr Arsenal. They are shadowgraphs of the Armour flechette
fired singly, svoersonically and nose first. (The last three show
the baok of the ‘lus cut off so that the fins will not dig inte
the sabot upon setback.) Figures 12 through 16 are shadowgraphs of
various multi-missile projectiles. All shots were taken very oclose
to the weapone

Internationa) Narvester Company

International Herve«ter Cormpany, under & PA contract, has
becn develcping oanister ammnition for L0, 57, 75, 90, 105, 105
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and 12C mm weapons (including guns, howitzers, an? rifles)
gince late 1950, A canister is an anti-personnel round of
ammunition designed specifisally for defeating "human-wuve
massed attack" tactios of the enemy. It therefore must be capeble
of leunching with a single shot as many lethal missiles as
possible cver as wide an area end for zs great an effective

or lethal range as pessible:. In very pgeneral terms, the
oaLisTer functions as followss the fraguents are loaded into

e vslatively +thin-walled conteinor to which a high spin is im-
parted, upon firing, by a sonventicrni-type rotating band. The
container is slit in four places, 90° apart end longitudinally,
in such a vay that the crnister walls, immediatel:r after leaving
the woapor peel back {a= a hanana) and release the charpge of
fregnents. The fragments are thus dispersed within the volume

of a cone, the angle of which depends only on the rifling twist
of the weapon.

The design woric has progressed from the use of stacked cylinders
{or slugs) to spheres and now ts the use of flechetts. as filler.
The stacked slugs were used in an attempt to overoome excessivs
weapon wear causasd by the older type canisters usedé 'n World Was
II, whioch used lcalloor steel balls. (ligzh sste~backed fcrces on
these older canisters resulted in hydrawlic pressurcs o ths walls

RV )
of canisters and caused buckling within the weapon tubeo.) Axte.

perfecting the slug~type canister, attentiom was egain turned

tc using spheres (which ebviousiy huve much lower.drag than
randomly Ltumbling sluza)e By varying suck things as wall thiok-
1855, 8lit length, eto., designs containing these szheres, without
any matrix, were prepared and successfully tested, As predicted.
the effective ranges of these cenisters showed coasiderable improve-
ment over the slug-loaeded caenisters. Since the obtainable ranges
were, however, still far short of what the using services (with the
exception of the Marines) would accept, attention was turned to the
use of flechetter ae fillsr, As an vAu.my.Lc of the advantage To De
geined ir golng from .lugs to spheres to flechettes, consider the

following comparative effective ranges for the 105 mm Canister for
Rifle, M27:

Slugs: 275 't
Spneres: LOO £t
Flechettes: 900 £t (estimated)

Wz have been trying to supplement larvester'!s contract since
December of last year for developineut of a flechctte=filled caniscter
in the 75 mm caliber to serve as a prototvpe. Owing tg low

rriorities and lack of funds, thiz supplement is not yet finaliged
atml 8o llarvester has never Veen in a positicn vlicre they can rive
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their full attention to the pro’lems involved. With Picatluny's
authorization, however, they have made cousiderable progress in the
development of what we call a "functlional" canister; i.e., one

whicihh will launoch the flechettes satisfaotorily into frea flight.
Briefly, thoy first considered random-loaded oanisters (without

a metrix) and also designs eontelaing "chains of flechettes",

alsc without matrix. OSince the 7-grain Armour flechette was
available, it was used for the first tests, (The prvjectile for

the 75 rm caliber welghs 1.7 1bs and the initial dosigns scontained
about 7000 flechettes.) Both of these designs proved unsatisfactory,
upon test, because the high set-back forces which are built up

while the canister is accelerating in the guntube caused the flechettes
to become deformed, bent, and mongled. (See Figure 17) Obviously,
in the condition in which you see these flechnttes, none of them
stavilized and penetrated the tarpets as desired.

The next step was therefore te desizn a projectile which would
release its flechettaswitiiout deforming thems !Harvester prepared
six desi ns (designated T30E8 thru T30E13) which we are now
vreparing to test at Jerferson Proving Ground. A typical design
{Figure i8) cortuims.s50 called "oompartients” or "layers” of
flechettess Each sonpurtment oontains closely stacked flechettes
8C placed as to best be uble to withstand the very high sethtack:
foroes (about 150,000 1bs on the bottom layer). They are also
enclosed by a .upporting columm which inoresses in thickness as
it progresses down the cenister to withstand the progressively
higher loads. The #nn two layers with the lowest loads have glestio
" supports. Harvestor arrived at themxe desipgns by conducting statie
oompression tests in compression mechinsz. Seme of the designs
ocontain rosin and rubber-based matrix materials to help absord
tke load. Others contaein flechettes stavked with all noses forvard
to feolliitste stahilization.

In general, there vill be numerous problems involved in designing
canister ammunitiocn with flechotte loads;

(1) Packaging and launching the flechettes without
damaging them so that thelr characteristics in freo
£light will be those of low-drag, stable projectiles.
We feel that the present scries of designa 1s well
along toward solving this probleri.

(2) Stacking the flachcttes withir. the canister so +het
an officient space=weight relationship is obtained.
The T30B8 -~ 13 canisters have rayloads verying from
LO t» 60% of the total projectile weights.

(3) Desipgning a flschette shape which strikes an optimum
balence botween stability (quick damping of large yaw
angles) and drag. !arvester has done little im #his
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diroction since dics for floclettes and test

range facilities ere expensivo and they ore not,

as yet, covered by ocontract. We will, cl’ course,
bencfit greatly from tlie worlk done by A. D. Littlse,
although it must be reumembvercd tlhat they are con-
cerned wit!- ronges of about 100 £+ ard we need
remaining velocity information for ranges up to
2000 fret« Midwes: ehould provide us with some
inlormetion in this direction, since they have 2
s5imilar requiremente W tertovm Arsecnal has hel)ud
somewhsai, but their renge is onliy 500 feet lecng.

We ere thorefore including in arvester's contract
o. provision whercby thsy oan coanduct thoir ovm
flachetto firings at a test rangoe thoy have sot up at
Boonuvviiiz, Inde In addition, wc have mnde a theo-
retionl investiration of flechette shapes (here at
PA) assuming zero yaw, and will publish this in the
form of a reporta

Developing iwothode hereby tiie various flechette

shapes can he econoniocally mass produced and packaged
iuto the canister. This Is prouably the most serious
probiem facing atl the contreaciors proviously
disonssed. Harvester hzs made some progress in this
direstion. Thay have suocceeded ir die-producing some

of tha Armour fleshettes using 1045 steel instead of
1010 ateel, (Zi:ie should prevent some deformation)e
They ars currently loo!l:dirp iato ithe needle-manufacturing
industrv for any information they ocan uncover from

that source. They are elso looking into the packaging
problem. T¢ datec, they have 8ucoeeded in devising a
satisfontory method whereby limited quantities of
fierhette-Tilled caristers oan be assembled with
re~sonable eoonorys <This problem will need, haowever,
censideratly more attention hefor~ produstion quantitics
can Do taken on (especinlly come of the shapes proposed
by Ae De Littlo.)

Finally we must solve 1l.e nroblem of a good lethalit:
oriterion for canister ammunition. We have mado
oonsiderable progress on that here et PA. We musi also
devise a good method for evnluating the effectiveness
of flechette~{illoed canisterse Formerl:, we used
penetrations in a 1" pine board for evaluating slug=-
and spherc=filled oanisters. A reasonable cansc oan
be made for +his if we can control %the strength (i.c.,
hardnass) of the target materials. For flechetites,
however, thic method will prohably prove totally
inadequate.
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